Studies on fibre intake and incident colorectal cancer (CRC) indicate inverse associations. Differences by tumour stage have not been examined. We examined associations between fibre intake and its sources, and incidental CRC. Separate analyses were carried out on the basis of sex, tumour location and the Tumour, Node, Metastasis (TNM) classification. The Malmö Diet and Cancer Study is a population-based cohort study, including individuals aged 45-74 years. Dietary data were collected through a modified diet history method. The TNM classification was obtained from pathology/clinical records and re-evaluated. Among 27 931 individuals (60 % women), we found 728 incident CRC cases during 428 924 person-years of follow-up. Fibre intake was inversely associated with CRC risk (P trend = 0·026). Concerning colon cancer, we observed borderline interaction between fibre intake and sex (P = 0·052) and significant protective association restricted to women (P trend = 0·013). Intake of fruits and berries was inversely associated with colon cancer in women (P trend = 0·022). We also observed significant interactions between intakes of fibre (P = 0·048) and vegetables (P = 0·039) and sex on rectal cancer, but no significant associations were seen between intake of fibre, or its sources, in either of the sexes. Except for inverse associations between intake of fibre-rich cereal products and N0-and M0-tumours, we did not observe significant associations with different TNM stages. Our findings suggest different associations between fibre intake and CRC depending on sex, tumour site and fibre source. High fibre intake, especially from fruits and berries, may, above all, prevent tumour development in the colon in women. No clear differences by TNM classification were detected.
Colorectal cancer (CRC) is estimated to be one of the most common forms of cancer in the western world (1, 2) . In Sweden, it is the fourth most common form of cancer and constitutes >7 % of the cancer cases (3) . The results from epidemiological studies are not wholly consistent, but most epidemiological studies indicate inverse association between fibre intake and incidental CRC (4) . For example, The European Prospective Investigation into Cancer and Nutrition (EPIC) found the risk of getting CRC to be 17 % lower at a high fibre intake (5) . The World Cancer
Research Fund (WCRF) has, together with the American Institute for Cancer Research, concluded that there is convincing evidence that high intake of fibre, and its sources, is associated with a lower risk for CRC (4) . There may be several potential mechanisms behind these observations (6) . The protective effect of fibre on CRC development has been considered to be the fibre's effect on modulation of colonic transit time, alteration of bile acid metabolism or increase in the production of SCFA (7) . It is under debate whether it is mainly total fibre intake that may be of benefit, or subtypes of fibre in specific fibre-rich food sources such as vegetables, fruits, berries or fibre-rich cereal products. Besides fibre, other bioactive components present in fibre-rich foods may have contributed to previously observed associations between fibre intake and CRC. In a large meta-analysis, where higher fibre intake was associated with reduced risk for CRC, the strongest association was seen with whole grain intake, but no evidence of associations of fruit and vegetable fibre was seen (8) . Similar findings regarding whole grain were reported by the WCRF, but they also stated that findings regarding fruit and vegetable fibre were in the same direction, although they did not reach statistical significance (4) . In line with this, high intake of fruit and vegetables has been associated with decreased risk of CRC (9) .
Previous observations have indicated that associations with fibre from fruits and vegetables may differ depending on tumour site (5) . In addition, and similar to observations regarding anthropometric risk factors for CRC, the importance of fibre intake may also vary by different clinical tumour stages (10) . The association between dietary intake and different stages of CRC has, to our knowledge, not previously been examined.
The objective of the present study was to examine the association between fibre intake and its sources, and incidental CRC, and whether the association differs depending on sex, tumour location and the Tumour, Node, Metastasis (TNM) classification.
Methods
The study was approved by the ethical committee at Lund University (50.91, 2013/803).
Participants
The Malmö Diet and Cancer Study (MDCS) is a populationbased prospective cohort study in Malmö, Sweden. All men and women living in Malmö between 1991 and 1996, born between 1923 and 1950, were invited to participate. Altogether, 28 098 participants (40 %) completed all of the baseline examinations after having given their written, informed consent. Of them, 167 had CRC before or at baseline examination, and were therefore excluded from the study.
Data collection
At baseline, the participants were asked to fill out questionnaires on socioeconomic, lifestyle and dietary factors. They also registered their cooked meals and underwent a diet history interview. Weight was measured using a balance-beam scale, with subjects wearing only light clothes and no shoes. Height was measured using a fixed stadiometer, calibrated in centimetres. Waist circumference was measured midway between the iliac crest and the lowest rib margin. Body composition was estimated with a single-frequency bio-impedance methodology (BIA 103; RJL Systems). Body fat percentage was calculated using an algorithm provided by the manufacturer.
Dietary data
Dietary data were gathered through a modified diet history method with a 7-d menu book for registration of meals that varied from day to day, most likely lunch and dinner, cold beverages and nutrient supplements. In addition, the participants were given a 168-item questionnaire for assessment of consumption frequencies and portion sizes of foods that were not covered in the menu book. Finally, a 45-min interview completed the dietary assessment.
The diet analyses were adjusted for the variables called 'method version' and 'season'. Method version was used because of altered coding routines of dietary data introduced in September 1994 in order to shorten the interview time (from 1 h to 45 min). This resulted in two slightly different method versions, before and after September 1994, but did not have any major influence on the ranking of individuals (11) . The variable season was divided into spring, summer, autumn and winter depending on when in the year the baseline examination was executed. Dietary change in the past (yes, no) was based on the question 'Have you substantially changed your eating habits because of illness or some other reasons?' The relative validity of the MDCS method was evaluated in the Malmö Food study 1984-1985 (12,13) . The Pearson correlation coefficients, adjusted for total energy, between the reference method and the MDCS method were 0·53/0·54 (proteins), 0·69/0·64 (fats), 0·70/0·74 (carbohydrates), 0·69/0·74 (fibres), 0·58/0·50 (breads), 0·73/ 0·74 (cereals), 0·24/0·35 (rice and pastas), 0·77/0·60 (fruits) and 0·53/0·65 (vegetables) in women and men, respectively. We used the following variables for daily nutrient intake in this study: total energy (MJ), non-alcoholic energy (MJ), carbohydrates (percentage of energy (En%)), fat (En%), protein (En%), fibre (g/MJ), fibre (g), vitamin D (µg), Ca (mg) and folate (mg). The following daily intakes of foods were examined: vegetables (g/MJ), fruits and berries (g/MJ), fibre-rich cereal products (portions of fibre-rich bread and breakfast cereals/MJ) and red meat (g).
Portions, instead of grams, were used to analyse the sum of fibre-rich cereal products because of different water content and because they usually are consumed in different weights. Standard portion sizes from the National Food Agency in Sweden were used: fibre-rich soft bread (50 g/portion), fibrerich crisp bread (30 g/portion) and fibre-rich breakfast cereals (25 g/portion). Energy-adjusted variables were calculated by dividing dietary intakes by non-alcohol energy intake. Quintiles of the dietary variables were used as exposure categories.
Cancer cases
We identified 728 cases of CRC from the Swedish Cancer Registry, of which 463 were colon cancer and 265 were rectal cancer, during 428 924 person-years of follow-up. Follow-up time was defined as the time from date of enrolment until the date of CRC diagnosis, death, migration or end of follow-up (December 2010), whichever came first. The mean duration of follow-up was 15·4 years.
Tumour characteristics
Classification of the CRC cases was done by examining clinical and/or pathology records. In addition, the histopathological examination was re-evaluated by a senior pathologist. Colorectal tumours were classified according to the TNM system. The method used to identify the tumour characteristics of CRC has been described elsewhere and the clinicopathological characteristics did not differ between CRC tumours in the MDCS and those in the EPIC cohort (14) . The cases identified, until the end of 2008, were examined and gave a total of 635 cases of CRC. Of them, 363 were colonic cancers and 272 were rectal cancers. Of the cancer cases where cancer staging was possible, 113 were tumour (T)-stage 1 and 2, 405 were T-stage 3 and 4, 292 were nodenegative (N0) disease, 193 were lymph node positive (N1 and N2) disease, 451 were non-metastatic (M0) disease and 116 were metastatic (M1) disease. Mean follow-up was 13·7 years for the classified cancer cases.
Other variables
Age was obtained from personal identification numbers. Smokers were divided into three categories: current smokers, ex-smokers and non-smokers. Irregular smoking was defined as current smoking. Physical activity was estimated by asking the subjects to estimate how many minutes per week they spent on seventeen different activities. The duration was multiplied with an activityspecific intensity coefficient, and an overall leisure-time physical activity score was created. The individuals were then divided into quintiles. The level of education was divided into four different categories: ≤8 years, 9-10 years or 11-13 years of education, and university degree. Alcohol intake was divided into four categories: zero, <15 g/d for women and <20 g/d for men, 15-30 g/d for women and 20-40 g/d for men, and >30 g/d for women and >40 g/d for men. The BMI was calculated from measured weight and length. Current use of menopausal hormonal replacement therapy (MHT) was divided into non-users and users. Regular use of non-steroid anti-inflammatory drugs (NSAID) was divided into users and non-users.
Statistical analyses
The SPSS statistics (version 22; IBM Corporation) was used for all statistical analyses. Food variables -that is, vegetables, fruits and berries, and fibre-rich cereal products -were log-transformed (e-log) to normalise the distribution before analysis. A very small amount (0·0001) was added before transformation, to handle zero intakes. The general linear model was used when examining baseline continuous characteristics in the different fibre quintiles, and adjustments were made for age, method version and season. The χ 2 test was used for categorical variables. All tests were two-sided, and statistical significance was assumed at P < 0·05.
Results

Baseline characteristics
Altogether, 16 944 women (60·7 %) and 10 987 men completed the baseline examinations. Age and reported intake of protein, carbohydrates and folate increased with higher energy-adjusted fibre intake, whereas intakes of fat, vitamin D and alcohol decreased. The men had a higher BMI than the women, but the mean BMI indicated overweight for both sexes. The men also had a higher fibre intake, but when energy-adjusted the women had a higher intake. There were fewer smokers, and more individuals with higher levels of education and physical activity in the highest fibre quintile compared with the lowest (online Supplementary Table S1 ). The cases were, compared with non-cases, older and had a higher BMI and a wider waist. Fewer cases had high education, but a higher percentage of cases had a high physical activity level, compared with non-cases. Current use of MHT was less common among cases than among non-cases (Table 1) .
Dietary intake and colorectal cancer
The different statistical models resulted in very similar findings, and therefore only the full multivariate model was chosen when presenting data. High fibre intake was associated with a lower incidence of CRC (HR: 0·72 for highest compared with lowest quintile; 95 % CI 0·55, 0·94; P for trend = 0·026) ( Table 2 ). Of the foods high in fibre, vegetable intake was associated with a lower incidence of CRC (HR: 0·83 for highest compared with lowest quintile; 95 % CI 0·64, 1·07; P for trend = 0·048). Intakes of fruits and berries or fibre-rich cereal products were not significantly associated with a lower incidence of CRC. Additional adjustments for current use of NSAID and for intakes of folate, red meat, vitamin D or Ca did not change the outcome (data not shown).
In separate analyses depending on tumour location, fibre intake was inversely associated with incidence of colon cancer in women (HR: 0·51 for highest compared with lowest quintile; 95 % CI 0·31, 0·75; P for trend = 0·013), but not in men (P for trend = 0·69), and we observed a borderline interaction between sex and fibre intake (P = 0·052) ( Table 3 ). In addition, women with high intake of fruits and berries had a significantly decreased risk for colon cancer (HR: 0·62 for highest compared with lowest quintile; 95 % CI 0·37, 0·98; P for trend = 0·022). No tendency of protective association was seen in men Fibre intake and colorectal cancer 
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(P for trend = 0·72), but the interaction between intake of fruits and berries and sex did not reach significance (P = 0·16). When analysing intakes of fibre and fibre-rich foods and rectal cancer, no significant associations were seen in either of the sexes. However, the risk of developing rectal cancer tended to increase with higher vegetable intake in women (HR: 2·22 for highest compared with lowest quintile; 95 % CI 1·07, 4·61; P for trend = 0·06) ( Table 4 ). In contrast, a tendency of protective association between high vegetable intake and rectal cancer was seen in men (P for trend = 0·14), and we detected a significant interaction between vegetable intake and sex on rectal cancer (P = 0·039). We also observed a significant interaction between fibre intake and sex on rectal cancer (P = 0·048), but although the associations in men and women seemed to reflect those for vegetable intake the tendencies for fibre intake were less clear (P values for trend ≥0·26).
Fibre intake and relative risk for colorectal cancer of different Tumour, Node, Metastasis stages
High fibre intake had a tendency towards association with lower risk for T-stage 3 or 4, together with N-stage 0, especially in women (data not shown), but no significant association was seen in the final model regarding high fibre intake and association with risk for CRC ( Table 5 ). Intake of fibre-rich cereal products was significantly associated with lower risk for N-stage 0 (P for trend = 0·015) and for M0 (P for trend = 0·046), but we did not observe any tendencies of associations with N-stage 1 and 2 or M-stage 1. When analysing women and men separately, the tendencies of different associations with intake of fibre-rich cereal products depending on N-and M-stage were mainly seen in men, and the association between fibre-rich cereal products and stage N0 was significant for men (HR: 0·64 for highest quintile compared with lowest; 95 % CI 0·37; P for trend = 0·024). No other significant associations with tumours classified according to the TNM system were found.
Sensitivity analysis
When excluding individuals reporting dietary change in the past, the association between fibre intake and risk for CRC was no longer significant, but the risk estimate did not change (HR: 0·72 for highest quintile compared with lowest; 95 % CI 0·52, 1·00, P for trend 0·21). However, the previously inverse association between vegetable intake and risk for CRC disappeared (HR: 1·05 for highest quintile compared with lowest; 95 % CI 0·77, 1·42; P for trend = 0·51). For colon cancer, the inverse associations with intakes of fibre (P for trend = 0·027) and fruits and berries (P for trend = 0·013) remained significant in women. The association between intake of fibre-rich cereals and N0-stage was no longer significant (HR: 0·62 for highest quintile compared with lowest; 95 % CI 0·32, 1·23; P for trend = 0·42).
When excluding individuals with a prevalent cancer, the association between fibre intake and risk for CRC remained significant (P for trend = 0·042), but the association between vegetables and risk for CRC disappeared (P for trend = 0·58).
Discussion
The results from this large prospective cohort study indicate that a high fibre intake is associated with a lower risk for CRC, or more specifically with a lower risk for colon cancer, in women. When intakes of different fibre-rich foods were analysed, high fruit and berry intake was associated with a lower risk for colon cancer in women. No significant associations were found between fibre intake and its sources, and different clinical stages, except for high intake of fibre-rich cereal products and lower risk for N-stage 0 and M-stage 0.
The present study confirms the results from other studies that show an association between high fibre intake and lower risk for CRC (5, 8) , but in contrast this study did not show a significant overall association with high intake of fibre-rich cereal products. The last may be because of somewhat higher intake levels of whole grain in Sweden (15) than, for example, in the USA (16) , resulting in that most MDCS participants may reach a potential threshold level for protective effects on CRC.
The present study showed a borderline interaction between fibre intake and sex regarding risk for colon cancer, indicating that an inverse association is restricted to women. Other studies have not detected interactions between sex and total fibre intake (17) . However, the results from the present study are in analogy with a meta-analysis by Riboli and Norat, which only indicated an association between fruit intake and risk for colon cancer in women (18) . The observed association between high intake of fruits and berries and lower risk for colon cancer in women in the present study may be a reflection of the relatively low intake of fruit and berries in Sweden; as seen in the EPIC study other populations have a higher estimated intake (19) and may have intakes well above a potentially protective level. It cannot be ruled out that the differing observations in men and women could be explained by variation in intake levels and accuracy of dietary reporting (20, 21) . A Swedish national dietary survey showed that women had a higher estimated fibre intake (25 g/10 MJ per d) than did men (23 g/10 MJ per d) (22) . The potentially protective role of dietary fibre may also vary depending on exposure to other lifestyle factors of importance in CRC development. In the MDCS cohort, women and men may, for example, have been exposed to different amounts and types of carcinogens, because Malmö is historically a city with a high proportion of workers, and with a high proportion of women being housewives. Another explanation for sex differences may be that the oestrogen levels are lowered in women after menopause, whereas men have another endocrine equilibrium. The intestinal epithelium is an important barrier for luminal factors, and oestrogen has been shown to be important to strengthen the tight junctions in the intercellular spaces (23) . Lower oestrogen levels after menopause might increase permeability in the colon, and thus implicate increased risk for penetration of luminal irritants inducing chronic mucosal inflammation, and in the long-term maybe even cancer (24) . Anti-carcinogenic compounds, potentially including dietary fibre, may therefore be of greater importance to women.
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Fibre intake and colorectal cancer toxins and bile acids, increase in colonic fermentation and an increase in colonic SCFA (6, 25) . This may explain why our finding in general indicates intakes of fibre, and its food sources, to be inversely associated with tumours of the colon, but not of the rectum. However, we cannot exclude that it is a power issue, and we actually observed a tendency of inverse associations between high vegetable intake and risk for rectal cancer in men. At a more cellular level in CRC development, cytoprotectants in fruits and berry, including vitamins, minerals, polyphenol flavonoids and anthocyanins, have been shown to have anticancer activity in colon cancer cell lines in vitro (26) . The antiproliferative effect of CRC cells by different berry juices was not correlated to the antioxidant level, but induced cell-cycle arrest in the G 1 phase (27) . The phenolic compounds vary with species, but there is strong evidence that these compounds modulate numerous cellular processes by up-or down-regulation of key proteins involved in cell signalling pathways that control gene expression, cell proliferation, cell differentiation, DNA damage repair, apoptosis, malignant transformation and inhibition of cell invasiveness and metastasis (28) . Our finding of a reduced risk for colon cancer in women with high intake of fruits and berries, in contrast to fibres from other sources, may be explained by the effect of phenolic compounds.
Participants who reported dietary change may have unstable food habits. Their reported dietary habits may reflect a short period of their lives, and may therefore have less influence on the development of future morbidity. However, as our low-risk estimates for CRC at higher intakes of fibre remained virtually unchanged after excluding those with dietary change, the loss of significance could probably be explained by a lower number of individuals (75·6 %) in the sensitivity analysis.
The strengths of this study are that the MDCS is a large study, with long follow-up. As it is a population-based prospective study, we should have been able to minimise selection bias and reverse causation. One of the main objectives of the MDCS was to examine fibre intake and estimated intakes of fibre, and its food sources have shown a high relative validity (12, 13) . It was also possible to identify and exclude individuals with unstable food habits. In addition, we are not aware of any previous study taking TNM classification into consideration when examining associations between fibre intake and CRC. The participation rate of the MDCS is similar or higher compared with other largescale population-based studies (29) , and regarding the generalisability of our results it is important to point out that the socio-demographic structure, weight distribution and smoking habits were similar among participants in the MDSC and participants in a health survey in Malmö with a higher participation rate (75 %) (29) . Moreover, although the cancer incidence was somewhat higher among non-participants, 2·6 % of the participants in the MDCS developed CRC during 15-year follow-up (30) , which is comparable to previously published data on other cohorts (31) . In analyses of different TNM stages, we observed significant associations only between high intake of fibre-rich cereals and lower risk for N-stage 0 and M-stage 0. A possible interpretation is that potential effects of fibre on tumour initiation may differ from effects on tumour invasiveness and metastasis, and phenolic compounds referred to above may influence several steps in carcinogenesis (28) . However, a limitation of the study is the small number of cases in some of the stratified analyses and it cannot be excluded that the analyses of the other stages were underpowered because of fewer cases, and new studies in large populations are needed. It would, for example, be interesting to replicate the borderline association between fibre intake and risk for T-stage 3 and 4. Patient delay may also be a source of error in the TNM classification of the cases, as the time for the diagnosis can affect the outcome of the classification, without knowledge about the length of the tumour growth. There may also be a different pattern in when men and women visit healthcare services, thus giving them an earlier or later diagnosis. Women seem to have a tendency to be more inclined to participate in studies and to contact the healthcare service earlier in the disease process (32) . Another weakness of the study is that the collection of intake data was measured only once. As the results from a Swedish national survey on dietary intake has shown an increase in intakes of vegetables, fruit and berries (18) , repeated measurements would have been valuable. Because of different structuring after data gathering, it was not possible in the present study to estimate intakes of fibre from different fibre sources. Moreover, taking family history of CRC into account in our analyses would have been valuable, as it is a contributing factor in the development of CRC (33) , but information on the risk factor was missing. We have chosen not to adjust for multiple testing, as dietary intakes are highly correlated and the analyses could not be treated as independent. However, it should be noted that some of our subgroup associations could have occurred because of chance, as a consequence of multiple tests. Finally, despite adjustments for possible confounders and known risk factors, occurrence of some residual confounding cannot be excluded.
Conclusion
In conclusion, our findings indicate that a high fibre intake is associated with a lower risk for CRC, especially with a lower risk for colon cancer, in women. Regarding intakes of different fibre-rich foods, our results indicate that only high intakes of fruits and berries are associated with lower risk for colon cancer in women. Our findings suggesting that high intakes of fibrerich cereal products may lower the risk of developing N0-and M0-stage need to be replicated in future studies.
